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[NAME OF THE DOCUMENT] 

SPECIFICATION 
[TITLE OF THE INVENTION] 

IMAGE PICKUP APPARATUS AND AUTOMATIC LEVEL ADJUSTING METHOD OF THE 

SAME 

[SCOPE OF THE PATENT CLAIMS] 

[Claim 1] An image pickup apparatus including: a solid-state 
imaging device for generating an image signal by carrying out 
photoelectric conversion of individual pixels at different timings; 
an amplifier for amplifying the image signal; and an automatic level 
adjusting means for regulating a level of the image signal at a specified 
level by automatically controlling a charge storage time of said 
solid-state imaging device and a gain of said amplifier,. 

wherein said automatic level adjusting means comprises: 
a first setting means for setting the charge storage time of said 
solid-state imaging device at an integer multiple of half a reciprocal 
of a frequency of a first power supply; 

a second setting means for setting the charge storage time of said 
solid-state imaging device at an integer multiple of half a reciprocal 
of a frequency of a second power supply; 

a switching means for selecting one of said first setting means 
and said second setting means to set the charge storage time of said 
solid-state imaging device; 

an accumulating means for accumulating a plurality of pixel values 
of a predetermined line in a frame; 

an index calculating means for calculating inter-frame variations 
of accumulation values obtained by said accumulating means, and for 
calculating an index for detecting the flicker from the inter-frame 
variations between a predetermined number of frames; and 

a flicker detecting means for detecting flicker in response to the 
index of said index calculating means, and for controlling said switching 
means in response to the detection result of the flicker. 

[Claim 2] The image pickup apparatus according to claim 1, wherein 
said first setting means sets the charge storage time of said 
solid-state imaging device at an integer multiple of 1/100 second, and 
said second setting means sets the charge storage time of said 
solid-state imaging device at an integer multiple of 1/120 second. 

[Claim 3] The image pickup apparatus according to any one of claim 
1 and claim 2, wherein said index calculating means calculates the index 
by accumulating the variations of accumulation values of individual 



frames over a predetermined number of frames, which accumulation values 
are obtained by said accumulating means. 

[Claim 4] The image pickup apparatus according to claim 3, wherein 
said flicker detecting means compares the index obtained when said first 
setting means is in operation with the index obtained when said second 
setting means is in operation, and controls said switching means in 
response to a compared result. 

[Claim 5] The image pickup apparatus according to claim 3, wherein 
said flicker detecting means compares the index obtained when one of 
said first setting means and said second setting means is in operation 
with a predetermined threshold value, and controls said switching means 
in response to a compared result. 

[Claim 6] The image pickup apparatus according to any one of claim 
1 and claim 2, wherein said index calculating means stores indices 
calculated from accumulation values obtained by said accumulating means 
over a predetermined number of frames, calculates a sum of the indices 
of the predetermined number of frames, and calculates a difference between 
a maximum value and a minimum value of the indices of the predetermined 
number of frames. 

[Claim 7] The image pickup apparatus according to any one of claim 
1 and claim 2, further comprising a threshold value setting means for 
setting a threshold value in response to the image signal, in a case 
that said flicker detecting means detects the flicker by comparing the 
index with a predetermined threshold value. 

[Claim 8] The image pickup apparatus according to claim 7, wherein 
said threshold value setting means comprises a look-up table, and sets 
the threshold value corresponding to the image signal of said solid-state 
imaging device with reference to the look-up table. 

[Claim 9] The image pickup apparatus according to any one of claim 
1 to claim 8, further comprising a masking means for masking a control 
signal supplied from said flicker detecting means to said switching 
means to halt the switching operation of said switching means. 

[Claim 10] The image pickup apparatus according to any one of claim 
1 to claim 9, wherein said masking means masks the control signal to 
said switching means in response to an accumulation value by said 
accumulating means, the accumulation value being obtained by 
accumulating the pixel values over all or part of a frame of the image 
signal captured by said solid-state imaging device. 

[Claim 11] The image pickup apparatus according to claim 9, wherein 
said masking means masks the control signal to said switching means 
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in response to the charge storage time of said solid-state imaging device . 

[Claim 12 ] The image pickup apparatus according to claim 9, wherein 
said masking means masks the control signal to said switching means 
in response to a gain of said amplifier. 

[Claim 13] An automatic level adjusting method applied to an image 
pickup apparatus including a solid-state imaging device for generating 
an image signal by carrying out photoelectric conversion of individual 
pixels at different t imings, and an amplifier for amplifying the image 
signal, said automatic level adjusting method regulating a level of 
the image signal at a specified level by automatically controlling a 
charge storage time of said solid-state imaging device and a gain of 
said amplifier, and said automatic level adjusting method comprising 
the steps of : 

accumulating a plurality of pixel values" of a predetermined line 
in a frame; 

calculating inter-frame variations of accumulation values, and 
calculating an index for detecting flicker from the inter-frame 
variations between a predetermined number of frames; 

detecting the flicker in response to the index; and 
setting, in response to the detection result of the flicker, the 
charge storage time of said solid-state imaging device at one of an 
integer multiple of half a reciprocal of a frequency of a first power 
supply and an integer multiple of half a reciprocal of a frequency of 
a second power supply. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to an image pickup apparatus and 
automatic level adjusting method applicable to a digital still camera 
and the like, and more particularly to an image pickup apparatus and 
automatic level adjusting method capable of suppressing flicker 
generated in fluorescent lighting. 

[0002] 

[Prior Art] 

When using a CMOS sensor as a solid-state imaging device of an image 
pickup apparatus such as a digital still camera for taking still pictures, 
bright and dark horizontal striped patterns can occur in pictures taken 
in an environment in which brightness varies periodically such as in 
the fluorescent lighting. They arise from the difference between the 
timing of the flickering of the fluorescent lighting and that of the 



photoelectric conversion of individual pixels of the pictures. This 
phenomenon is referred to as flicker. 
[0003] 

To suppress the flicker, there are such conventional methods as 
averaging pickup data over several past f rames; or setting charge storage 
time such that it becomes an integer multiple of the flickering period 
of a light source. An example of the latter is disclosed in Japanese 
patent application laid-open No. 2000-32330. This method carries out 
the level adjustment as follows: When the subject illuminance reduces 
and the charge storage time of the imaging device becomes longer than 
1/ (flickering frequency of the light source) second, this method limits 
the allowed charge storage time to an integer multiple of 1/ (flickering 
frequency of the light source) second. As for the fraction of the charge 
storage time less than the adjustable step by the integer multiple of 
the 1/ ( flickering frequency of the light source) second, the level 
adjustment is carries out by controlling the gain of an amplifier of 
the image pickup apparatus. 

[0004] 

Fig. 14 is a block diagram showing a configuration of an automatic 
level adjusting apparatus for implementing the conventional automatic 
level adjusting method disclosed in the foregoing Japanese patent 
application laid-open No . 2000-32330. In Fig. 14, the reference numeral 
101 designates an imaging device; 102 designates a co-related double 
sampling circuit (CDS) ; 103 designates an analog amplifier; 104 
designates an A/D converter; 105 designates a digital amplifier; 106 
designates a frame average calculating circuit; 107 designates an 
electronic shutter speed controller; 108 designates a digital amplifier 
controller; and 109 designates a timing signal generator for generating 
a timing signal for operating the electronic shutter of the imaging 
device. 

[0005] 

Next, the operation will be described. 

An analog video signal captured by the imaging device 101 passes 
through the noise elimination by the CDS 102, and is amplified by a 
fixed factor by the analog amplifier 103. The signal output from the 
analog amplifier 103 is converted into a digital signal by the A/D 
converter 104 . The digital signal is amplified by the digital amplifier 
105, and transferred to a camera signal processor at the next stage 
not shown. 
- [0006] 
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On the other hand, the output of the digital amplifier 105 is supplied 
to the frame average calculating circuit 106, and its calculation result 
is supplied to the electronic shutter speed controller 107 and digital 
amplifier controller 108. The electronic shutter speed controller 107 
and digital amplifier controller 108 determine the electronic shutter 
speed and the gain of the digital amplifier for controlling the charge 
storage time of the imaging device 101 through the timing signal generator 
109, and the amplification factor of the digital amplifier 105. 

[0007] 

Next, the conventional automatic level adjusting method will be 
described in more detail. Fig. 15 is a diagram illustrating the 
conventional automatic level adjusting method concretely. 

As illustrated in Fig. 15, the flickering frequency of the light 
source is assumed to be 1/100 second. Initially, assume that the output 
is set at a specified level in the condition that the subject illuminance 
is high, the electronic shutter speed is fastest, and the gain of the 
digital amplifier 105 is minimum ( + 0 dB) . If the subject illuminance 
reduces from the condition, the output level falls below the specified 
level. In this case, the electronic shutter speed is made slower to 
increase the output level . If the output is still less than the specified 
level even when the electronic shutter speed becomes 1/100 second, the 
gain of the digital amplifier 105 is increased with maintaining the 
electronic shutter speed at 1/100 second. If the output is still less 
than the specified level even when the gain of the digital amplifier 
105 becomes maximum (a little less than +6 dB) , the electronic shutter 
speed is set at 1/50 second, and the gain of the digital amplifier 105 
is adjusted at the minimum ( + 0 dB) . If the output is still less than 
the specified level, the gain of the digital amplifier 105 is increased 
up to the maximum (a little less than +6 dB) with maintaining the electronic 
shutter speed at 1/50 second. 

[0008] 

[Problem to be solved by the Invention] 

With the foregoing configuration, the conventional automatic level 
adjusting method has a following problem depending on the frequency 
of a power supply: Although the illuminance fluctuation period of a 
fluorescent lamp is 1/100 second in a region where the frequency of 
the power supply is 50 Hz, that in the region where the frequency of 
the power supply is 60 Hz, it is 1/120 second. Thus, the illuminance 
fluctuation period of the fluorescent lamp varies depending on the 
frequency of an alternating power supply, and this presents the main 
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cause of the flicker. As a result, although the flicker is suppressed 
in one region, it cannot be suppressed in another region because of 
the different illuminance fluctuation period. 
[0009] 

The present invention is implemented to solve the foregoing problem. 
It is therefore an object of the present invention to provide an image 
pickup apparatus and its automatic level adjusting method capable of 
obtaining high quality pictures with suppressing the flicker by detecting 
the frequency of a power supply in the region on the basis of a flicker 
index even if the frequency of the power supply varies with regions, 
wherein a plurality of pixel values of a predetermined line in a frame 
are accumulated, inter-frame variations of accumulation values are 
calculated, an index for detecting the flicker from the inter-frame 
variations between a predetermined number of frames is calculated, 
flicker is detected in response to the index, and the charge storage 
time of the solid-state imaging device is set at an integer multiple 
of half a reciprocal of a frequency of a first power supply or the charge 
storage time of the solid-state imaging device is set at an integer 
multiple of half a reciprocal of a frequency of a second power supply 
on the basis of the detected result. 
• [0010] 

[Means for solving the Problem] 

According to the present invention, there is provided an image pickup 
apparatus comprising: the automatic level adjusting means including: 
a first setting means for setting the charge storage time of the 
solid-state imaging device at an integer multiple of half a reciprocal 
of a frequency of a first power supply; a second setting means for setting 
the charge storage time of the solid-state imaging device at an integer 
multiple of half a reciprocal of a frequency of a second power supply; 
a switching means for selecting one of the first setting means and the 
second setting means to set the charge storage time of the solid-state 
imaging device; an accumulating means for accumulating a plurality of 
pixel values of a predetermined line in a frame; an index calculating 
means for calculating inter-frame variations of accumulation values 
obtained by the accumulating means, and for calculating an index for 
detecting the flicker from the inter-frame variations of a predetermined 
number of frames; and a flicker detecting means for detecting flicker 
in response to the index of the index calculating means, and for 
controlling the switching means in response to the detection result 
of the flicker. 
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[0011] 

Here, the first setting means may set the charge storage time of 
the solid-state imaging device at an integer multiple of 1/100 second, 
and the second setting means may set the charge storage time of the 
solid-state imaging device at an integer multiple of 1/120 second. 

[0012] 

The index calculating means may calculate the index by accumulating 
the variations of accumulation values of individual frames over a 
predetermined number of frames, which accumulation values are obtained 
by the accumulating means.* 

[0013] ' * 

The flicker detecting means may compare the index obtained when 
the first setting means is in operation with the index obtained when 
the second setting means is in operation, and control the switching 
means in response to a compared result. 

[0014] 

The flicker detecting means may compare the index obtained when 
one of the first setting means and the second setting means is in operation 
with a predetermined threshold value, and control the switching means 
in response to a compared result. 

[0015] 

The index calculating means may comprise: a plurality of memories 
for storing indices calculated from accumulation values obtained by 
the accumulating means over a predetermined number of frames; a sum 
calculating means for calculating a sum of the indices of the 
predetermined number of frames; and a maximum differential calculating 
means for calculating a difference between a maximum value and a minimum 
value of 'the indices of the predetermined number of frames. 

[0016] 

The image pickup apparatus may further comprise a threshold value 
setting means for setting a predetermined threshold value to be supplied 
to the flicker detecting means in response to the image signal captured 
by the solid-state imaging device, wherein the flicker detecting means 
may detect the flicker by comparing the index with the threshold value. 

[0017] 

The threshold value setting means may comprise a look-up table, 
and set the threshold value corresponding to the image signal referring 
to the look-up table. 

[0018] 

The image pickup apparatus may further comprise a masking means 
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for masking a control signal supplied from the flicker detecting means 
to the switching means to halt the switching operation of the switching 
means . 

[0019] 

The masking means may mask the control signal to the switching means 
in response to an accumulation value by the accumulating means, the 
accumulation value being obtained by accumulating the pixel values over 
all or part of a frame of the image signal captured by the solid-state 
imaging device. 

[0020] 

The masking means may mask the control signal to the switching means 
in response to the charge storage time of the solid-state imaging device. 
[0021] 

The masking means may mask the control signal to the switching means 
in response to a gain of the amplifier. 
[0022] 

According to a second aspect of the present invention, there is 
provided an automatic level adjusting method applied to an image pickup 
apparatus including the steps of: accumulating a plurality of pixel 
values of a predetermined line in a frame; calculating inter-frame 
variations of accumulation values , and calculating an index for detecting 
flicker from the inter-frame variations of a predetermined number of 
frames; detecting the flicker in response to the index, and setting, 
in response to the detection result of the flicker, the charge storage 
time of the solid-state imaging device at one of an integer multiple 
of half a reciprocal of a frequency of a first power supply and an integer 
multiple of half a reciprocal of a frequency of a second power supply. 

[0023] 

[Embodiments of the Invention] 

An embodiment of the present invention will be described 
hereinbelow . 
EMBODIMENT 1 

Fig. 1 is a block diagram showing a configuration of an embodiment 

1 of the image pickup apparatus in accordance with the present invention. 
In Fig. 1, the reference numeral 1 designates a solid-state imaging 
device such as a CMOS sensor for generating an image signal by the 
photoelectric conversion of individual pixels at different timings; 

2 designates a co-related double sampling circuit (CDS) for canceling 
noise in the image signal; 3 designates an amplifier for amplifying 
the image signal; 4 designates an A/D converter for converting the image 
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signal into digital data; and 5 designates an automatic level adjusting 
means for automatically controlling the charge storage time of the 
solid-state imaging device 1 and the gain of the amplifier 3. 
[0024] 

In the automatic level adjusting means 5, the reference numeral 
11 designates an accumulating means for accumulating a plurality of 
pixel values on a specified line in a frame; 12 designates a calculating 
means for carrying out a processing for the automatic level adjustment 
in response to the level of the image; 13 designates a first imaging 
parameter setting means for producing a setting signal for setting the 
charge storage time of the solid-state imaging device 1 at an integer 
multiple of 1/100 second and a setting signal for setting the 
amplification factor of the amplifier 3 in response to the calculation 
result of the calculating means 12; and 14 designates a second imaging 
parameter setting means for producing a setting signal for setting the 
charge storage time of the solid-state imaging device 1 at an integer 
multiple of 1/120 second and a setting signal for setting the 
amplification factor of the amplifier 3 in response to the calculation 
result of the calculating means 12. 

[0025] 

The reference numeral 15 designates a calculating means for 
computing inter-frame variations of accumulation values obtained by 
the accumulating means 11, and for computing an index for detecting 
the flicker from the variations over a predetermined number of frames; 
16 designates a flicker detecting means for detecting the flicker using 
the index fed from the index calculating means 15, and for controlling 
a switching means 17 in response to the detection result; 17 designates 
the switching means for selecting either the setting signals fed from 
the first imaging parameter setting means 13 or the setting signals 
fed from the second imaging parameter setting means 14 in response to 
the control signal from the flicker detecting means 16, for supplying 
the amplifier 3 with the setting signal of the amplification factor, 
and for supplying a timing generator 18 with the setting signal of the 
charge storage time; and 18 designates the timing generator for 
controlling the charge storage time of the solid-state imaging device 
1 in response to the setting signal of the charge storage time fed through 
the switching means 17. 

[0026] 

Next, the operation will be described. 

An optical image incident on the solid-state imaging device 1 is 
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converted into the image signal by the solid-state imaging device 1, 
and the image signal passes through the noise elimination by the CDS 

2. The image signal output from the CDS 2 is amplified by the amplifier 

3, converted into the digital data by the A/D converter 4, and supplied 
to a post-stage processor (not shown) as the pixel data. 

[0027] 

In the automatic level adjusting means 5, the accumulating means 
11 accumulates the pixel data frame by frame over the entire frame or 
part of the frame, and supplies the accumulation values to the calculating 
means 12. Besides, the accumulating means 11 supplies the calculating 
means 15 with the accumulation value obtained by accumulating the pixel 
data on a predetermined mth horizontal line, that is, the projection 
output value of the horizontal line. 

[0028] 

In response to the accumulation values from the accumulating means 
11, the calculating means 12 calculates the imaging parameter setting 
values for capturing the next frame such that the signal level of the 
image becomes constant, and supplies the. imaging parameter setting values 
to the first and second imaging parameter setting meanss 13 and 14. 

[0029] 

In response to the imaging parameter setting values, the first and 
second imaging parameter setting meanss 13 and 14 each output the gain 
setting signal for the amplifier 3, and the charge storage time setting 
signal for the timing generator 18 on the basis of the imaging parameter 
setting indices. 

[0030] 

In this case, the first imaging parameter setting means 13 produces 
the charge storage time setting signal that will place the charge storage 
time at an integer multiple of 1/100 second to prevent the flicker in 
a region where the frequency of the alternating power supply is 50 Hz. 
Likewise, the second imaging parameter setting means 14 produces the 
charge storage time setting signal that. will place the charge storage 
time at an integer multiple of 1/120 second to prevent the flicker in 
a region where the frequency of the alternating power supply is 60 Hz. 
On the other hand, when the image pickup environment has high illuminance, 
the first imaging parameter setting means 13 produces the setting signal 
for setting the charge storage time shorter than 1/100 second, and the 
second imaging parameter setting means 14 produces the setting signal 
for setting the charge storage time shorter than 1/120 second. 

[0031] 
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The switching means 17 selects the gain setting signal and the charge 
storage time setting signal fed from the first imaging parameter setting 
means 13 or from the second imaging parameter setting means 14, and 
supplies the selected gain setting signal to the amplifier 3, and the 
selected charge storage time setting signal to the timing generator 
18. 

[0032] 

On the other hand, the calculating means 15 computes the flicker 
index for detecting the flicker from the projection output values fed 
from the accumulating means 11, and supplies it to the flicker detecting 
means 16. The flicker detecting means 16 controls the switching means 
17 in response to the flicker index, so that the switching means 17 
selects the setting signals from the first imaging parameter setting 
means 13 or the setting signals from the second imaging parameter setting 
means 14 . Thus, the gain setting signal and charge storage time setting 
signal suitable for suppressing the flicker in the present region are 
supplied to the amplifier 3 and timing generator 18. 

[0033] 

Here, a description will be provided of calculating the present 
flicker index and selecting the gain setting signal and charge storage 
time setting signal suitable for suppressing the flicker in the region. 
Fig. 2 is a flowchart illustrating the calculation of the present flicker 
indices, and the selection of the gain setting signal and charge storage 
time setting signal in the embodiment 1. 

[0034] 

First, at step ST1, at an initial stage such as power-up, the flicker 
detecting means 16 controls the switching means 17 such that it selects 
the setting signals from the first imaging parameter setting means 13. 
Then, the first imaging parameter setting means 13 outputs the 
predetermined gain setting signal and the charge storage time setting 
signal for setting the charge storage time at an integer multiple of 
1/100 second (step ST2) . In this condition, four frames are acquired 
(step ST3) . While capturing the four frames, the gain of the amplifier 
3 and the charge storage time of the solid-state imaging device 1 are 
maintained at fixed values. 

[0035] 

Subsequently, the accumulating means 11 computes the projection 
output values of the predetermined horizontal lines of the individual 
frames, and supplies them to the calculating means 15. In response 
to the projection output values of the four frames, the calculating 
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means 15 computes a flicker index II, and supplies it to the flicker 
detecting means 16 (step ST4). For example, the flicker index II is 
computed as the accumulation value of the variations in the projection 
output values D(n) by the following expression (1), where D(n) is the 
projection output value of the mth line of the nth frame. 
[Expression 1] 

11,12 = k |] 3 abs(D(n+ 1) - D(n)) • - • (1) 

n = k 

[0036] 

Subsequently, the flicker detecting means 16 controls the switching 
means 17 such that it selects the setting signals from the second imaging 
parameter setting means 14 (step ST5). Then, the second imaging 
parameter setting means 14 outputs the predetermined gain setting signal 
and the charge storage time setting signal for setting the charge storage 
time at an integer multiple of 1/120 second (stepST6) . In this condition, 
four frames are acquired (step ST7) . While capturing the four frames, 
the gain of the amplifier 3 and the charge storage time of the solid-state 
imaging device 1 are maintained at fixed values. 

[0037] 

Subsequently, the accumulating means 11 computes the projection 
output values of the predetermined horizontal lines of the individual 
frames, and supplies them to the calculating means 15. In response 
to the projection output values of the four frames, the calculating 
means 15 computes a flicker index 12 (step ST8) . 

[0038] 

Then, the flicker detecting means 16 makes a decision as to whether 
the gain of the amplifier 3 set on the basis of the setting signal from 
the first imaging parameter setting means 13 and the flicker index II 
on imaged by the charge storage time of the solid-state imaging device 
1 is greater than or equal to the gain of the amplifier 3 set on the 
basis of the setting signal from the second imaging parameter setting 
means 14 and the flicker index 12 on imaged by the charge storage time 
of the solid-state imaging device 1 (step ST9) . 

[0039] 

At this time, when the flicker index II is greater than or equal 
to the flicker index 12, the flicker detecting means 16 makes a decision 
that the frequency of the power supply is 60 Hz, and controls the switching 
means 17 such that it selects the setting signals from the second imaging 
parameter setting means 14 for the subsequent image pickup (step ST10) . 
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In contrast, when the flicker index II is less than the flicker index 
12, the flicker detecting means 16 makes a decision that the frequency 
of the power supply is 50 Hz, and controls the switching means 17 such 
that it selects the setting signals from the first imaging parameter 
setting means 13 for the subsequent image pickup (step ST11) . 
[0040] 

Thus, the frequency of the power supply is detected at the 
initializing stage so that the setting signals from the first imaging 
parameter setting means 13 or the setting signals from the second imaging 
parameter setting means 14 are selected in response to the frequency 
detected. 

[0041] 

Here, the detection of the frequency of the power supply will be 
described in detail taking an example of capturing an image in the 
fluorescent lighting in a region using the power supply of 50 Hz. Figs. 
3 and 4 are diagrams illustrating the detection of the frequency of 
the power supply in the fluorescent lighting in the region using the 
power supply of 50 Hz. 

[0042] 

In this case, the flickering period of the light source is 1/100 
second. Accordingly, when capturing the image using the charge storage 
time set by the first imaging parameter setting means 13, the charge 
storage time, which is the integer multiple of 1/100 second, is divisible 
by the flickering period of the light source (1/100 second). Thus, 
as illustrated in Fig. 3, even if the timing of the photoelectric 
conversion of individual pixels of the solid-state imaging device 1 
is shifted, the flicker does not take place because the amount of electric 
charges stored in the individual pixels by the photoelectric conversion 
is equal. 

[0043] 

In contrast, when the second imaging parameter setting means 14 
sets the charge storage time, which is the integer multiple of 1/120 
second, the flicker will take place. This is because the amount of 
electric charges stored in the individual pixels on each line by the 
photoelectric conversion varies from line to line as illustrated in 
Fig. 4 in response to the phase relationship between the timing of the 
photoelectric conversion of the pixels by the solid-state imaging device 
1 and the flickering of the light source, and hence the brightness of 
each scanning line on the frame fluctuates from line to line, resulting 
in the flicker consisting of repetitive patterns of horizontal stripes. 
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When the phase relationship between the start timing of photoelectric 
conversion of the pixels on a line and the flickering of the light source 
is fixed, the horizontal stripes will stay still on the screen. However, 
when the phase relationship vary frame by frame, the horizontal stripes 
will roll up and down on the screen. 
[0044] 

On the other hand, when capturing an image in the fluorescent lighting 
in a region where the frequency of the power supply is 60 Hz, the flickering 
period of the light source is 1/120 second. Accordingly, when taking 
an image using the charge storage time based on the setting signal output 
from the first imaging parameter setting means 13, the flicker will 
take place. In contrast, when taking an image using the charge storage 
time based on the setting signal output from the second imaging parameter 
setting means 14, the flicker does not occur. 

[0045] 

As described above, when the subject is still and the imaging 
environment is kept constant, and when the horizontal stripes roll up 
and down when the flicker takes place, it is possible to make a decision 
as to whether the flicker occurs or not by taking the image of the four 
frames, and by checking the variations in the projection output values 
of the predetermined lines by the flicker indices II and 12. When the 
variations are small, the horizontal stripes rolling up and down the 
screen are not present, and hence a decision is made that no flicker 
takes place. On the contrary, when the variations are large, the 
horizontal stripes rolling up and down the screen are present, and hence 
a decision is made that the flicker takes place. 

[0046] 

Thus, the present embodiment 1 detects the flicker by utilizing 
the fact that when the flicker occurs, the horizontal stripes roll up 
and down, and hence the brightness of the predetermined line fluctuates 
frame by frame. 

[0047] 

The presence or absence of the movement of the horizontal stripes 
and the speed of its rolling up and down depend upon the flickering 
period of the light source and a frame rate. For example, when the 
frame rate is 15 fps (frame per second) , and the frequency of the power 
supply is 50 Hz, the phase relationship between the start timing of 
the photoelectric conversion of the pixels and the flickering of the 
light source varies frame by frame, resulting in the horizontal stripes 
rolling up and down. However, when the frequency of the power supply 
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is 60 Hz, since the frame period (1/15 second) is an integer multiple 
of the flickering period of the light source (1/120 second) , the phase 
relationship between the start timing of the photoelectric conversion 
of the individual pixels and the flickering of the light source is 
maintained constant, and hence the horizontal stripes stay still on 
the screen. When the horizontal stripes stay still, it is difficult 
to detect the flicker because the projection output values do not vary 
frame by frame. Thus, to apply the embodiment 1 of the image pickup 
apparatus, the frame period is set at a value other than the integer 
multiple of 1/100 second or 1/120 second so that the flicker is positively 
detected when the frequency of the power supply is 50 Hz or 60 Hz. 
[0048] 

Although the present embodiment 1 calculates the flicker index from 
the projection output values of single lines of four frames, the flicker 
can be computed from the index projection output values of multiple 
lines. 

[0049] 

Although the embodiment 1 calculates the flicker index by 
accumulating the variations of the projection output values of the four 
frames, the number of frames over which the variations are accumulated 
is not limited to four. The number of frames may be three, or five 
or more. 

[0050] 

As described above, the present embodiment 1 is configured such 
that it accumulates the plurality of pixel values on the predetermined 
line in each frame, computes the inter-frame variations in the values 
accumulated, computes flicker indices from the variations in the 
predetermined number of frames, detects the flicker in response to the 
flicker indices, and sets, in response to the detection result, the 
charge storage time of the solid-state imaging device 1 at the integer 
multiple of the half the reciprocal (= 1/100 second) of the frequency 
of the power supply of 50 Hz, or at the integer multiple of the half 
the reciprocal (= 1/120 second) of the frequency of the power supply 
of 60 Hz. As a result, the present embodiment 1 offers an advantage 
of being able to suppress the flicker positively by detecting the 
frequency of the power supply of the region from the flicker indices 
with simple configuration even if the frequency of the power supply 
is different depending on regions, thereby bringing about good pictures . 

[0051] 

Furthermore, the present embodiment 1 is configured such that the 
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calculating means 15 computes the flicker indices by accumulating the 
variations in the accumulation values of individual frames over the 
predetermined number of frames by the accumulating means 11 using the 
foregoing simple equation (1) . As a result, when the calculating means 
15 is configured with firmware, the present embodiment 1 offers an 
advantage of being able to reduce the processing time. On the other 
hand, when the calculating means 15 is configured by hardware, the present 
embodiment 1 offers an advantage of being able to implement it in a 
small scale circuit . 

[0052] 
EMBODIMENT 2 

The present embodiment 2 of the image pickup apparatus in accordance 
with the present invention is configured such that it can detect the 
flicker even when the frame period is an integer multiple of 1/100 second 
or an integer multiple of 1/120 second. 

[0053] 

Although the foregoing embodiment 1 carries out, when detecting 
the flicker, the image acquisition by setting the frame period at a 
value other than an integer multiple^ of 1/100 second or 1/120 second 
in order to positively detect the flicker in either region using the 
alternating power supply of 50 Hz or 60 Hz, the present embodiment 2 
can detect the flicker even if the frame period is an integer multiple 
of 1/100 second or 1/120 second, making it possible to handle such a 
case where the frame rate must be 15 fps because of the limitations 
of the apparatus. 

[0054] 

Since the main configuration of the present embodiment 2 of the 
image pickup apparatus is the same as that of the foregoing embodiment 
1, the description thereof is omitted here. However, the present 
embodiment 2 differs from the foregoing embodiment 1 in the processing 
for selecting the setting signals in the initializing stage. 

[0055] 

Next, the operation will be described. 

Here, the description is made under the assumption that the frame 
rate is fixed at 15 fps. Fig. 5 is a flowchart illustrating the 
calculation of the present flicker index and the selection of the gain 
setting signal and charge storage time setting signal in the present 
embodiment 2 . 

[0056] 

In the initializing stage of the present embodiment 2, the flicker 
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detecting means 16 controls the switching means 17 such that it selects 
the setting signal from the second imaging parameter setting means 14, 
which sets the charge storage time (an integer multiple of 1/120 second) 
that can evenly divide the frame period (1/15 second in the present 
case) without remainder (stepSTll). Then, the second imaging parameter 
setting means 14 outputs the predetermined gain setting signal and the 
charge storage time setting signal for setting the charge storage time 
at an integer multiple of 1/120 second (step ST12) . In this condition, 
four frames are acquired (step ST13) . While capturing the four frames, 
the setting values of the gain of the amplifier 3 and the charge storage 
time of the solid-state imaging device 1 are maintained at fixed values. 
[0057] 

Subsequently, the accumulating means 11 computes the projection 
output value of the predetermined horizontal line of each frame, and 
supplies the projection output values computed to the calculating means 
15. In response to the projection output values of the four frames, 
the calculating means 15 computes the flicker index 12, and supplies 
it to the flicker detecting means 16 (step ST14). 

[0058] 

The, the flicker detecting means 16 makes a decision as to whether 
the flicker index 12 is greater than or equal to a predetermined threshold 
value (step ST15) . When the flicker index 12 is greater than or equal 
to the predetermined threshold value, the flicker detecting means 16 
makes a decision that the flicker takes place and that the frequency 
of the power supply is 50 Hz, and controls the switching means 17 such 
that it selects the setting signals from the first imaging parameter 
setting means 13 for the subsequent image pickup (stepST16) . Incontrast 
with this, when the flicker index 12 is less than the predetermined 
threshold value, the flicker detecting means 16 controls the switching 
means 17 such that it keeps selecting the setting signals from the second 
imaging parameter setting means 14 for the subsequent image pickup. 

[0059] 

Thus, when the charge storage time is set at an integer multiple 
of 1/120 second in the region where the frequency of the power supply 
is 50 Hz through the processing from step ST11 to step ST13, the flicker 
takes place as described in the foregoing embodiment 1, it causes the 
horizontal stripes rolling up and down. Therefore, the flicker indices 
12 exceeds the predetermined threshold value, and the switching means 
17 is controlled such that it selects the setting signals fed from the 
first imaging parameter setting means 13. 
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[0060] 

On the other hand, when the processing from step ST11 to step ST13 
is carried out in the region where the frequency of the power supply 
is 60 Hz, the flicker does not take place. Accordingly, as long as 
the subject is still and the imaging environment is kept unchanged during 
capturing the four frames, the flicker index 12 becomes nearly zero, 
and hence less the predetermined threshold value. Therefore, the 
switching means 17 is controlled such that it keeps selecting the setting 
signals fed from the second imaging parameter setting means 14. 

[0061] 

In this way, the setting signals fed from first imaging parameter 
setting means 13 are selected in the region using the power supply of 
50 Hz, whereas the setting signals fed from second imaging parameter 
setting means 14 are selected in the region using the power supply of 
60 Hz, so that the flicker is suppressed appropriately in response to 
the frequency of the power supply. 

[0062] 

As described above, the present embodiment 2 is configured such 
that the flicker detecting means 16 compares the flicker index that 
is obtained by the first imaging parameter setting means 13 or by the 
second imaging parameter setting means 14 with the predetermined 
threshold value, and controls the switching means 17 in response to 
the compared result. As a result, the present embodiment 2 offers an 
advantage of being able to suppress the flicker positively and to obtain 
good pictures by detecting the frequency of the power supply of the 
region in response to the flicker index even when the frame period of 
the image pigkup apparatus is an integer multiple of the charge storage 
time that is set by the first imaging parameter setting means 13 or 
by the second imaging parameter setting means 14 ( in the foregoing example > 
when the frame period is an integer multiple of the charge storage time 
set by the second imaging parameter setting means 14). 

[0063] 
EMBODIMENT 3 

The present embodiment 3 of the image pickup apparatus in accordance 
with the present invention makes a decision, when the movement of the 
subject or the change in the imaging environment takes place, as to 
whether the fluctuations in the projection output values are based on 
the flicker or on the movement of the subject or the change in the imaging 
environment, thereby suppressing the flicker appropriately when it 
occurs . 
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[0064] 

Fig. 6 is a block diagram showing a configuration of the calculating 
means 15 of the embodiment 3 of the image pickup apparatus in accordance 
with the present invention. In Fig. 6, the reference numeral 21 
designates a flicker index calculating means; reference numerals 22, 
23, 24 and 25 each designate a memory means for storing a flicker index 
in sequence; the reference numeral 26 designates a sum calculating means 
for calculating the sum of the flicker indices supplied from the flicker 
index calculatingmeans 21 andmemories 22-25; and 27 designates a maximum 
differential value calculating means for computing the difference 
between the maximum value and the minimum value of the flicker indices 
fed from the flicker index calculating means 21 and memories 22-25. 

[0065] 

Since the remaining configuration of the present embodiment 3 of 
the image pickup apparatus is the same as that of the foregoing embodiment 
1, the description thereof is omitted here. 

[0066] 

Next, the operation will be described. 

The flicker index calculating means 21 calculates the flicker 
indices at every three frames from the projection output values D(3k) , 
D(3k+1) and D(3k+2) from the accumulating means 11 according to the 
following equation (2) , and outputs them. Thus, the values output from 
the flicker index calculating means 15 are updated at every three frames . 
For example, when k=0, it calculates the sum of the variations of the 
projection output values between the zeroth and first frames and the 
variations of the projection output values between the first and second 
frames. Likewise, when k=l, it calculates the sum of the variations 
of the projection output values between the third and fourth frames 
and the variations of the projection output values between the fourth 
and fifth frames. 

[Expression 2] 

I = abs(D(3k+ l)-D(3k)} + abs{D(3k+2)-D(3k + 1)} 

• • • (2) 

[0067] 

The flicker indices output from the flicker index calculating means 
21 are transferred to the memories 22-25 successively until three frames, 
and the memory means 22 receives the flicker index output from the flicker 
index calculating means 21 three frames later, and updates its flicker 
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index until three frames. Likewise, the memory means 23 receives the 
flicker index output from the memory means 22 until updated three frames 
later, and updates its flicker index at every three frames; the memory 
means 24 receives the flicker index output from the memory means 23 
until updated three frames later, and updates its flicker index at every 
three frames; and the memory means 25 receives the flicker index output 
from the memory means 24 until updated three frames later, updates its 
flicker index at every three frames, and outputs its flicker index it 
stored. 

[0068] 

The sum calculating means 26 sums up the flicker indices output 
from the flicker index calculating means 21 and memories 22-25 at every 
three frames, and supplies the sums to the flicker detecting means 16. 
At the same time, the maximum differential value calculating means 27 
calculates the difference between the maximum value and minimum value 
of the flicker indices output from the flicker index calculating means 
21 and memories 22-25 at every three frames, and supplies the difference 
to the flicker detecting means 16. 

[0069] 

The flicker detecting means 16 of the present embodiment 3 sets 
the timing that enables the change of the gain of the amplifier 3 and 
the change of the charge storage time of the solid-state imaging device 
1 at every three frames such as just before the zeroth frame, between 
the second and third frames, between the fifth and sixth frame, etc., 
and controls the switching means 17 at the timing in response to the 
value fed from the sum calculating means 26 and the value fed from the 
maximum differential value calculating means 27. 

[0070] 

Next, the operation of the flicker detecting means 16 of the present 
embodiment 3 will be described. Fig. 7 is a flowchart illustrating 
the operation of the flicker detecting means 16 of the present embodiment 
3. 

[0071] 

The flicker detecting means 16 controls the switching means 17 such 
that it selects the setting signals from the second imaging parameter 
setting means 14, first (step ST21). The second imaging parameter 
setting means 14 outputs the prescribed gain setting signal along with 
the charge storage time setting signal for setting the charge storage 
time at an integer multiple of 1/120 second (step ST22) , in response 
to which the image pickup is started (step ST23) . Since the output 
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values of the calculating means 15 are updated at every three frames, 
the flicker detecting means 16 waits for a predetermined time period 
until the imaging of the second frame is completed, and the corresponding 
calculation results are output from the calculating means 15 (step ST2 4 ) . 
[0072] 

Afterward, when the calculating means 15 updates its output values, 
the flicker detecting means 16 makes a decision as to whether the setting 
signals from the second imaging parameter setting means 14 are selected 
or not. In this case, the frame period (such as 1/15 second) is divisible 
by the setting signal of the charge storage time (integer multiple of 
1/120 second) that is output from the second imaging parameter setting 
means 14 (step ST25) . 

[0073] 

When the setting signals from the second imaging parameter setting 
means 14 is currently selected, the flicker detecting means 16 makes 
a decision as to whether the value fed from the sum calculating means 

26 is equal to or greater than a predetermined first threshold value 
(step ST26) . When the value from the sum calculating means 26 is equal 
to or greater than the predetermined first threshold value, the flicker 
detecting means 16 makes a decision as to whether the value from the 
maximum differential value calculating means 27 is equal to or less 
than the second threshold value (step ST27). 

[0074] 

When the value from the maximum differential value calculating means 

27 is equal to or less than the second threshold value, the flicker 
detecting means 16 controls the switching means 17 such that it selects 
the setting signals fed from the first imaging parameter setting means 
13 for the subsequent imaging (step ST28). 

[0075] 

When the decisions are made that the setting signals output from 
the second imaging parameter setting means 14 are not selected at step 
ST25, that the value from the sum calculating means 26 is less than 
the first threshold value at step ST26, and that the value from the 
maximum differential value calculating means 27 exceeds the second 
threshold value at step ST27, and when the processing at step ST28 has 
completed, the first imaging parameter settingmeans 13 and second imaging 
parameter setting means 14 each generate the gain setting signal of 
the amplifier 3 and the charge storage time setting signal from the 
imaging parameter setting values fed from the calculating means 12, 
and outputs them. Subsequently, the processing returns to step ST24, 
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and the processing from step ST24 to step ST29 is iterated at every 
three frames. 
[0076] 

Thus, the present embodiment 3 is configured such that it makes 
a decision as to whether the fluctuations in the projection output values 
arise from the flicker or from the up and. down movement of the subject, 
in response to the value fed from the sum calculating means 26 and the 
value fed from the maximum differential value calculating means 27, 
and that only when the fluctuations in the projection output values 
result from the flicker, it controls the switching means 17 such that 
it selects the. setting signals fed from the first imaging parameter 
setting means 13 in place of the setting signals fed from the second 
imaging parameter setting means 14. 

[0077] 

In other words, as described in the foregoing embodiment 1, when 
the frame rate is 15 fps, and the charge storage time (equal to an integer 
multiple of 1/120 second) is set in response to the setting signals 
fed from the second imaging parameter setting means 14, the flicker 
involving the horizontal stripes that roll up and down takes place in 
the region using the power supply of 50 Hz. In this case, the phase 
relationship between the start timing of the photoelectric conversion 
of the pixels and the flickering of the light source is synchronized 
at every three frames (that is, at intervals of 1/5 second = 1/15 second 
X 3) . Accordingly, the phase relationship between the horizontal 
stripes and the scanning lines are also synchronized at every three 
frames. Therefore, when the projection output values are fluctuating 
because of the flicker, the output of the calculating means 15 is nearly 
constant as illustrated in Fig. 8. On the other hand, when the pro j ection 
output values are fluctuating because of the movement of the subject, 
the output of the calculating means 15 will vary at random as illustrated 
in Fig. 8. Thus, the output of the maximum different ial value calculating 
means 27 takes a large value when the subject is moving, but a small 
value when the flicker occurs. Accordingly, it is possible to make 
a decision as to whether the fluctuations of the^proj ection output values 
arise from the flicker or from the movement of the subject by comparing 
the maximum differential value with the second threshold value. In 
addition, Fig. 18 is a diagram illustrating an example of the outputs 
of the calculating means 15 in the embodiment 3. 

[0078] • 

Although the timing for changing the setting values of the gain 
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and charge storage time is set at an interval of three frames in order 
to synchronize the timing with the timing for calculating the flicker 
indices in the present embodiment 3, the timing for changing the setting 
values can be set at an interval of a frame. 
[0079] 

As described above, the present embodiment 3 is configured such 
that the calculating means 15 stores the flicker indices of the 
predetermined number of frames, which are calculated from the 
accumulation values by the flicker index calculating means 21, and 
calculates the sum of the flicker indices of the predetermined number 
of frames, and the difference between the maximum value and minimum 
value of the flicker indices of the predetermined number of frames as 
the flicker indices to be supplied to the flicker detector 16. As a 
result, the present embodiment 3 offers an advantage of being able to 
decide whether the fluctuations in the accumulation values are due to 
the flicker or to the movement of the subject, and to suppress the flicker 
appropriately. - 

[0080] 
EMBODIEMNT 4 

The present embodiment 4 of the image pickup apparatus in accordance 
with the present invention is characterized by comprising a threshold 
value setting means for setting the threshold value of the flicker 
detecting means 16 of the foregoing embodiment 3 in response to the 
image signal. 

[0081] 

Fig. 9 is a block diagram showing a configuration of the embodiment 
4 of the image pickup apparatus in accordance with the present invention. 
In this figure, the reference numeral 31 designates a threshold value 
setting means for setting the threshold value of the flicker detecting 
means 16 in response to the value fed from the accumulating means 11, 
that is, the image level. Since the remaining configuration of Fig. 
9 is the same as that of the foregoing embodiment 3, the description 
thereof is omitted here. 

[0082] 

Next, the operation will be described. 

During flickering, the .value output, from the flicker index 
calculating means 21 (see, Fig. 6) is not fixed, but varies depending 
on the brightness of the image or the changing degree of the quantity 
of light of the light source. When the image is bright, the horizontal 
stripes of the flicker conspicuous, whereas they are inconspicuous when 
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the image is dark. 
[0083] 

In view of the fact, the threshold value setting means 31 varies 
the first threshold value and/or second threshold value in response 
to the image level. Since the output from the accumulating means 11 
is proportional to the brightness of the image, the threshold value 
setting means 31 can vary the first threshold value and/or second 
threshold value in proportion to the output of the accumulating means 
11. 

[0084] 

Since the remaining operation of the. present embodiment 4 is the 
same as that of the foregoing embodiment 3, the description thereof 
is omitted here. 

[0085] 

Alternatively, the threshold value setting means 31 can vary the 
first threshold value and/or second threshold value nonlinearly against 
the output of the accumulating means 11. Fig. 10 is a block diagram 
showing another configuration of the embodiment 4 of the image pickup 
apparatus in accordance with the present invention. In this figure, 
the reference numeral 41 designates an LUT (look-up table) installed 
in the threshold value setting means 31 for prestoring the nonlinear 
correspondence between the output- of the accumulating means 11 and the 
first threshold value and/or second threshold value. Referring to the 
LUT 41, the threshold value setting means 31 selects the threshold 
value (s) corresponding to the value from the accumulating means 11, 
and sets it (them) to the flicker detecting means 16. 

[0086] 

As described above, since the present embodiment 4 is configured 
such that it changes the first threshold value and/or second threshold 
value of the flicker detecting means 16 in response to the image level, 
it offers an advantage of being able to improve the detection accuracy 
of the flicker. In addition, since the present embodiment 4 sets the 
threshold value (s) referring to the LUT 41, it offers an advantage of 
being able to set the first threshold value and/or second threshold 
value nonlinearly against the output of the accumulating means 11 with 
easre . 

[0087] 
- EMBODIMENT 5 

The present embodiment 5 of the image pickup apparatus in accordance 
with the present invention is characterized by comprising a masking 
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means for masking the control signal from the flicker detecting means 
16 to the switching means 17 to halt the switching operation of the 
switching means 17. 
[0088] 

Fig. 11 is a block diagram showing a configuration of the embodiment 
5 of the image pickup apparatus in accordance with the present invention. 
In this figure, the reference numeral 51 designates a masking means 
for masking the control signal to the switching means 17 in response 
to the accumulation value the accumulating means 11 calculates from 
all or part of the frame of an image signal captured by the solid-state 
imaging device 1. Since the remaining configuration of Fig. 11 is the 
same as that of the foregoing embodiment 1, the description thereof 
is omitted here. 

[0089] 

Next, the operation will be described. 

When the image is extremely dark or bright, no flicker takes place 
on the screen. In view of this, the masking means 51 decides the 
brightness of the image from the accumulation value obtained by the 
accumulating means 11, and masks the control signal to the switching 
means 17 in response to the brightness. Specifically, since the output 
from the accumulating means 11 is proportional to the brightness of 
the image, the masking means 51 masks the control signal to the switching 
means 17 when the value output from the accumulating means 11 is less 
than a predetermined value, or exceeds another predetermined value. 

[0090] 

Since the remaining operation is the same as that of the foregoing 
embodiment 1, the description thereof is omitted here. 
[0091] 

Instead of using the value output from the accumulating means 11, 
the control signal to the switching means 17 can be masked using the 
charge storage time that is set by the setting signal supplied to a 
timing generator 18. Fig. 12 is a block diagram showing another 
configuration of the embodiment 5 of the image pickup apparatus in 
accordance with the present invention. In this figure, the reference 
numeral 51A designates a masking means for masking the control signal 
to the switching means 17 in response to the charge storage time that 
is set by the setting signal supplied to the timing generator 18. When 
the quantity of light of the light source is large, the charge storage 
time is set at a value smaller than 1/100 second or 1/120 second. If 
the imaging parameter setting means is switched in this state, the flicker 



26 



can take place when the quantity of light reduces thereafter. Taking 
account of this, the masking means 51A makes a decision as to whether 
the setting value of the charge storage time is equal to or less than 
a predetermined value from the charge storage time setting signal that 
is supplied to the timing generator 18, and when the charge storage 
time setting value is equal to less than the predetermined value, the 
masking means 15A masks the control signal to the switching means 17. 
[0092] 

Alternatively, in place of using the value output from the 
accumulating means 11, the control signal to the switching means 17 
can be masked in response to the gain of the amplifier. 3. Fig. 13 is 
a block diagram showing still another configuration of the embodiment 
5 of the image pickup apparatus in accordance with the present invention. 
In this figure, the reference numeral 51B designates a masking means 
for masking the control signal to the switching means 17 in response 
to the gain of the amplifier 3 which is set by the gain setting signal 
to the amplifier 3. As the gain of the amplifier 3 is increased, the 
noise on the image can increase, and hence the flickering frequency 
of the light source can be misidentif ied because of the fluctuations 
in the image data due to the noise, in which case the flicker cannot 
be suppressed appropriately. In view of this, the masking means 51B 
masks the control signal to the switching means 17 when the gain setting 
value is equal to or greater than a predetermined value. 

[0093] 

As described above, since the present embodiment 5 is configured 
such that it masks the control signal from the flicker detecting means 
16 to the switching means 17 in response to the brightness of the images, 
the charge storage time of the solid-state imaging device 1 or the gain 
of the amplifier 3. 'As a result, the present embodiment 5 offers an 
advantage of being able to reduce the possibility of misidentif ying 
the flicker. 

[0094] 

The foregoing embodiments employ the power supply with a frequency 
of 50 Hz or 60 Hz, and this does not present any problem in Japan. In 
a region like a foreign country using the power supply with a frequency 
other than 50 Hz or 60 Hz, the same effect can be achieved. by configuring 
the image pickup apparatus in accordance with the present invention 
such that it can handle the frequency of the power supply of that region. 

[0095] 

[Effects of the Invention] 
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As mentioned above, according to the present invention, since it 
accumulates the plurality of pixel values on the predetermined line 
in each frame, computes the inter-frame variations in the values 
accumulated, computes flicker indices from the variations in the 
predetermined number of frames, detects the flicker in response to the 
indices, and sets, in response to the detection result , the charge storage 
time of the solid-state imaging device 1 at the integer multiple of 
the half the reciprocal of the frequency of the power supply of 50 Hz, 
or at the integer multiple of the half the reciprocal of the frequency 
of the power supply of 60 Hz. As a result, it offers an advantage of 
being able to suppress the flicker positively by detecting the frequency 
of the power supply of the region from the flicker indices even if the 
frequency of the power supply is different depending on regions, thereby 
bringing about good pictures. 

[0096] 

According to the present invention, since the first setting means 
sets the charge storage time of the solid-state imaging device at an 
integer multiple of 1/100 second, and the second setting means sets 
the charge storage time of the solid-state imaging device at an integer 
multiple of 1/120 second, it offers an advantage of being able to suppress 
the flicker positively by detecting the frequency of the power supply 
of the region from the flicker indices in Japan. 

[0097] 

According to the present invention, since the flicker detecting 
means compares the index obtained when one of the first setting means 
and the second setting means is in operation with a predetermined 
threshold value, and controls the switching means in response to a 
compared result, it offers an advantage of being able to suppress. the 
flicker positively and to obtain good pictures by detecting the frequency 
of the power supply of the region in response to the flicker index even 
when the frame period of the image pickup apparatus is an integer multiple 
of the charge storage time that is set by the first setting means or 
by the second setting means. 

[0098] 

According to the present invention, since the index calculating 
means stores indices calculated from accumulation values obtained by 
the accumulating means over a predetermined number of frames, calculates 
a sum of the indices of the predetermined number of frames, and calculates 
a difference between a maximum value and a minimum value of the indices 
of the predetermined number of frames, it offers an advantage of being 
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able to decide whether the fluctuations in the accumulation values are 
due to the flicker or to the movement of the subject, and to suppress 
the flicker appropriately. 
[0099] 

According to the present invention, since it comprises a threshold 
value setting means for setting a threshold value in response to the 
image signal, in a case that the flicker detecting means detects the 
flicker by comparing the index with a predetermined threshold value, 
it offers an advantage of being able to improve the detection accuracy 
of the flicker. 

[0100] 

According to the present invention, since the threshold value 
setting means comprises a look-up table, and sets the threshold value 
corresponding to the image signal of the solid-state imaging device 
with reference to the look-up table, it offers an advantage of being 
able to set the first threshold value and/or second threshold value 
nonlinearly against the output of the accumulating means with ease. 

[0101] 

According to the present invention, since it comprises a masking 
means for masking a control signal supplied from the flicker detecting 
means to the switching means to halt the switching, operation of the 
switching means, it offers an advantage of being able to reduce the 
possibility of misidentif ying the flicker. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] This is a block diagram showing a configuration of an 
embodiment 1 of the image pickup apparatus in accordance with the present 
invention . 

[Fig. 2] This is a flowchart illustrating .calculation of a present 
flicker index, and selection of a gain setting signal and a charge storage 
time setting signal in the embodiment 1. 

[Fig. 3] This is a diagram illustrating the detail (1) of a frequency 
detection method of a power supply, while taking an image in fluorescent 
lighting in a region where the frequency of the power supply "is 50 Hz. 

[Fig. 4] This is a diagram illustrating the detail (2) of the 
frequency detection method of the power supply, while taking an image 
in fluorescent lighting in the region where the frequency of the power 
supply is 50 Hz . 

[Fig. 5] This is a flowchart illustrating a calculation of a present 
flicker index, and a selection of a gain setting signal and a charge 
storage time setting signal in an embodiment 2 of the image pickup 
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apparatus in accordance with the present invention. 

[Fig. 6] This is a block diagram showing a configuration of the 
calculating means 15 an embodiment 3 of the image pickup apparatus in 
accordance with the present invention. 

[Fig. 7] This is a flowchart illustrating the operation of the 
flicker detecting means of the embodiment 3. 

[Fig. 8] This is a diagram illustrating outputs of the calculating 
means 15 of the embodiment 3. 

[Fig. 9] This is a block diagram showing a configuration of an 
embodiment 4 of the image pickup apparatus in accordance with the present 
invention. 

[Fig. 10] This is a block diagram showing another configuration 
of the embodiment 4 of the image pickup apparatus in accordance with 
the present invention. 

[Fig. 11] This is a block diagram showing a configuration of an 
embodiment 5 of the image pickup apparatus in accordance with the present 
invention . 

[Fig. 12] This is a block diagram showing another configuration 
of the embodiment 5 of the image pickup apparatus in accordance with 
the present invention. 

[Fig. 13] This is a block diagram showing still another 
configuration of the embodiment 5 of the image pickup apparatus in 
accordance with the present invention . 

[Fig. 14] This is a block diagram showing a conf i'guration of an 
automatic level adjusting apparatus for implementing a conventional 
automatic level adjusting method. 

[Fig . 15] This is a diagram illustrating the conventional automatic 
level adjusting method in detail. 

[Detailed Description of. the Reference Numerals] 

1 . solid-state imaging device; 3 . . . amplifier; 5 . . . automatic 
level adjusting means; 11 ... accumulating means; 13 . . . first imaging 
parameter setting means (first setting means) ; 14 ... second imaging 
parameter setting means ( second setting means ) ; 15 ... calculating means 
(index calculating means); 16 ... flicker ^detecting means; 17 ... 
switchingmeans; 31 . . . threshold value setting means ; 41 ... LUT (look-up 
table); and 51, 51A and 51B ... masking means. 



NAME OF THE DOCUMENT] 

ABSTRACT OF THE DISCLOSURE 
[ABSTRACT] 
[SUBJECT] 

It is hard to effectively suppress flickers caused by different 
conditions in another region. 
[SOLVING MEANS] 

The accumulating means 11 calculates a projection output value of 
a predetermined line in a frame. The calculating means 15 calculates 
inter-frame variations of the projection output values, and calculates 
a flicker index from the variations of a predetermined number of frames. 
The flicker detecting means 16 detects the flicker* from the index, and 
controls the switching means in response to the detection result of 
the flicker, so that the switching means 17 selects either the setting 
signals from the first and second imaging parameter setting means 13 
and 14 . Thus, the charge storage time of the solid-state imaging device 
is set at either an integer multiple of 1/100 second or an integer multiple 
of 1/120 second. 
[SELECTED DRAWING] 
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